unaltered in the urine. Although the product of hydrolysis of chlorothiazide is structurally similar to PAH, there is no evidence of enzymatic uncoupling of chlorothiazide by the kidney.
Stop-flow analysis during an infusion of chlorothiazide demonstrates a peak concentration in proximal tubular fractions (Fig. 4) . Darmady (1959) , using triturated hydrochlorothiazide and autoradiography of the microdissected rat nephron, has confirmed that the drug accumulates in the proximal and distal convoluted tubules.
The clinical aspects of chlorothiazide diuretics have been described by Bayliss (1959) and Havard and Fenton (1959) and in the symposia edited by Taggart (1958) , and Buchborn and Bock (1959 (1958) suggested that diuretics ought to be defined simply as agents which promote the renal excretion of sodium, with either chloride or bicarbonate. Now this is diametrically opposed to the views of the physiologist, at least as they are stated by Homer Smith (1957) . He would' define a diuretic as an agent which increases the output of osmotically free water. Such free Proceedings of the Royal Society of Medicine water is left behind by the absorption of electrolyte without an osmotically equivalent quantity of solvent, and this can only take place, so far as we know, in the distal tubule. I want to defend the practical value of knowing how different saluretic drugs influence the renal handling of water, and I shall try to show that in the strict sense chlorothiazide is not a diuretic at all, but may even be a clinically useful antidiuretic.
Soon after chlorothiazide was discovered, it was shown to cause the excretion of chloride rather than bicarbonate, and in this way to resemble the mercurials (Beyer, 1958) . However, Pitts and his group (1958) found that the renal effects of mercurials and chlorothiazide were additive, so the drugs must interfere with different tubular mechanisms.
One very interesting experiment by Laragh and his colleagues (1958) showed that mercurials greatly increased the excretion of free water if they were administered during a water diuresis, but chlorothiazide did not. Both drugs block the tubular reabsorption of sodium, so Laragh suggested that the mercurial compound affected only the proximal tubule, while chlorothiazide acted on the distal tubule as well. In this way, he thought, the mercurial might increase the amount of sodium reaching the normally functioning distal tubule, where reabsorption of some of this sodium would release more free water. Chlorothiazide on the other hand, by its more distal action, would prevent any such dilution of the urine. Although Laragh based his conclusions on indirect evidence, they are supported by more direct experiments using stop-flow analysis (Vander et al., 1959; Kessler et al., 1959) .
The Antidiuretic Action of Chlorothiazide A substitute for vasopressin in diabetes insipidus is needed for two reasons. First, occasional cases become resistant to, or intolerant of the hormone, and second, there is a familial, nephrogenic variety of the disease in which vasopressin does not work. An ideal drug would simulate the action of the hormone by promoting the tubular reabsorption of water, which is the normal method of concentrating the urine. However, a good second best might be to block the dilution of the urine by inhibiting sodium reabsorption in the distal tubule, after the manner in which chlorothiazide appeared to act. If the loss of sodium from the body could be limited, more than half the output of water in diabetes insipidus might then be saved.
Rats with severe diabetes insipidus, induced by hypothalamic lesions (Bruce and Kennedy, 1951) , constantly pass urine with an osmolality of 50-100 m.osm./kg, and are therefore comparable with severe clinical diabetes insipidus. When we added chlorothiazide to their diet they excreted abnormal amounts of sodium only for the first two days of treatment. However, their urine volume fell to less than half its original value during this period, and the osmolality doubled, and these effects persisted as long as the drug was given. The rats lost no weight, on the contrary they continued to grow quite normally, so there could not have been any serious loss of electrolytes. We had to use a very large dose to obtain the antidiuretic effect, but hydrochlorothiazide and all the other still more potent derivatives now available are antidiuretic in both rats and man in normal saluretic doses (Kennedy and Crawford, 1959a) .
Human patients with diabetes insipidus reacted in every way like rats; a detailed account has been given elsewhere . Our first series of 7 cases only included one of the nephrogenic variety. Through the kindness of Dr. W. J. Matheson, we have recently seen another proved case of nephrogenic diabetes insipidus respond to hydrofluomethiazide. This is what would be expected, since these cases dilute their urine normally-it is the concentrating mechanism which seems to be at fault in the disease. Our clinical results are briefly summarized in Table I . The changes in urine volume were in inverse proportion to those in osmolality, and in most cases the daily output was approximately halved.
We were now faced with two problems. First, what caused the fall in salt output and urine volume? Secondly, could we recommend this as a treatment for nephrogenic diabetes insipidus ?
The Mode of Action and Clinical Usefulness
At first the mode of action seemed to be a simple one. During the first few hours of chlorothiazide treatment patients reacted in exactly the same way as hydrated normal subjects-they excreted two to three times as much salt as normal in the same volume of urine, so the concentration of the urine naturally rose. This could be explained along the lines suggested by Laragh. During the next two days, although the increased concentration of the urine persisted, the loss of salt returned to normal, bringing the volume of the urine down with it. This could be explained if the amount of glomerular filtrate being presented to the distal tubule gradually decreased, and the obvious means of bringing this about would be a fall in glomerular filtration rate (G.F.R.). Blackmore (1959) commented on the fact that the chlorothiazide drugs reduce glomerular filtration rate, more than most diuretics, since this would tend to limit their usefulness in getting rid of excess salt. The endogenous creatmiine clearance in two of our patients fell on continued treatment to half its control value. Further experience showed us, however, that this fall in G.F.R. frequently 'did not occur, and was not essential either to the conservation of salt or the reduction of urine output.
One may question the wisdom of long-term treatment with these drugs on other grounds than the undesirability of an occasional fall in G.F.R. All diuretics act by inhibiting metabolic processes; it 'is a mistake to thinlkof 'them' as stimulating excretion. Although chlorothiazide even in large doses, does not cause serious tubular damage in liealthy animals, we have found that even in normal doses it greatly intensifies the renal lesions caused by a potassiumdeficient diet. Further cautious investigation of this kind of treatment seems justified, so long as adequate potassium supplements are given, but its interest at present is more physiological than clinical.
Physiological Implications: Antagonism Between Chlorothiazide and Adrenal Steroids
It can be shown that adrenalectomy and chlorothiazide treatment have virtually identical effects upon severe diabetes insipidus in rats (Kennedy and Crawford, 1959b; , and after the urine volume has been reduced by adrenalectomy, little or no further effect can be achieved by giving chlorothiazide, so it was of interest to look for evidence that chlorothiazide and adrenal steroid might act on the same segment of the renal tubule. It was found that a combination of cortisone and deoxycortone acetate would restore the polyuria of adrenalectomized rats with diabetes insipidus. Chlorothiazide completely blocked this action of the steroids. Surprisingly, it was deoxycortone acetate and not cortisone which had the greater quantitative effect on urinary dilution, while the action of cortisone was apparently simply permissive. Chlorothiazide was therefore acting mainly as an antimineralocorticoid.
Would chlorothiazide prevent the pathological polyuria which can be induced even in normal animals by giving deoxycortone acetate for long periods? So long as the dietary load of salt is not too great it does, and it also seems to give some protection against the structural changes in the kidneys and blood vessels which usually follow deoxycortone acetate overdosage. The blocking action of the drug prevents excessive sodium reabsorption, but it does not appear, like the spirolactones, to prevent potassium loss.
